Binding to DNA purine base and structure-activity relationship of a series of structurally related Ru(II) antitumor complexes: a theoretical study.
The thermodynamics of the binding of a series of structurally related Ru(II) antitumor complexes, that is, alpha-[Ru(azpy)2Cl2] 1, beta-[Ru(azpy)2Cl2] 2, alpha-[Ru(azpy)(bpy)Cl2] 3, and cis-[Ru(bpy)2Cl2] 4 to DNA purine bases (gunine, adenine at N7 site) has been studied by using the DFT method. The binding of imine form of 9-methyladenine (9-MeAde) to the Ru(II) moiety in a didentate fashion via its N6 and N7 atoms was also considered. The geometrical structures of the DNA model base adducts were obtained at the B3LYP/(LanL2DZ + 6-31G(d)) level in vacuo. The following exact single-point energy calculations were performed at the B3LYP/(LanL2DZ(f)+6-311+G(2d, 2p)) level both in vacuo and in aqueous solution using the COSMO model. The bond dissociation enthalpies and free energies, reaction enthalpies and free energies both in the gas phase and in aqueous solution for all considered Ru(II)-DNA model base adducts were obtained from the computations. The calculated bond dissociation enthalpies and free energies allow us to build a binding affinity order for the considered Ru(II)-DNA model base adducts. The theoretical results show that the guanine N7 is a preferred site for this series of complexes and support such an experimental fact that alpha-[Ru(azpy)(bpy)(9-EtGua)H2O](2+) (3-(9-EtGua)) is isomerized to alpha'-[Ru(azpy)(bpy)(9-EtGua)H2O](2+) (3'-(9-EtGua)). On the basis of structural and thermodynamical characteristics, the possible structure-activity relationship was obtained, and the distinct difference in cytotoxicities of this series of structurally related antitumor complexes was explained theoretically.